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Abstract: In Western countries, one of the main barriers to entomophagy is repulsion toward insects.
Few studies have investigated the factors that influence attitudes toward entomophagy. Therefore,
we conducted a cross-sectional study involving a sample of 248 university students, focusing on
disgust and other potential attributes that can influence insect consumption, including health literacy.
We used a 17-item self-administered questionnaire. Consistent with the literature, two items were
chosen as outcome variables to evaluate the predictors of the propensity to consume insects: “Have
you ever eaten insects or insect-based products?” and “How disgusting do you find eating insects?”
The data analysis shows that having already eaten insects is inversely associated with the level of
disgust (OR: 0.1, p < 0.01); and it is positively associated with higher levels of health literacy (OR: 3.66,
p > 0.01). Additionally, having some knowledge and information about entomophagy is inversely
associated with a higher level of disgust (OR: 0.44, p = 0.03 and OR: 0.25, p = 0.03, respectively),
while being female is positively associated with disgust (OR: 3.26, p < 0.01). Our results suggest
the potential role of health literacy, in addition to other factors, in influencing the willingness to
taste insects. However, further studies involving larger and non-convenience samples are needed to
confirm our hypothesis.
Keywords: nutrition; food literacy; food security; environment; survey; entomophagy
1. Introduction
The world population continues to grow exponentially (in 2050, the Earth will proba-
bly be home to 9 billion people), and current food resources, especially in terms of protein
intake, will not be sufficient to sustain global requirements [1]. Consequently, it has be-
come urgent to introduce, to daily nutrition, foods with nutritional values comparable
to those of meat but requiring less energy to produce and having a smaller impact on
the environment [2]. Insects stand out as possible alternatives, and in 2013, the Food
and Agriculture Organization of the United Nations published a dedicated report named
“Edible Insects” [3]. This report shows that insects can be a good source of fat, protein,
vitamins, fibers, and minerals. On the other hand, the literature provides evidences related
to potential risks in the consumption of edible insects [4], which are mainly related to
microbial contamination, accumulation and production of chemical contaminants such as
toxins and heavy metals, and allergenicity through inhalation or food ingestion by workers
and consumers [5,6].
Although the European Food Safety Authority (EFSA) stated that the microbiological
risks linked to the consumption of insects could be similar to the ones associated with other
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sources of unprocessed proteins [7], there are still many important issues to consider, such
as to certify which processing technique neutralizes pathogenic organisms or how to avoid
a cross-contamination [8].
Entomophagy traditions and culinary cultures are practiced worldwide and there is
also an increasing interest in insects breeding [9]. However at present, introducing this
custom in Europe remains challenging [10]. The main obstacle seems to be a repulsion
toward a food that is considered to be disgusting and dangerous to human health [11].
The feeling of disgust is a complex phenomenon that, according to some authors, could be
associated with the health risks posed by the consumption of a specific substance. On the
other hand, it can be connected to advantages determined by the survival of animals, as in
the case of cattle in India from which milk and dairy products are obtained [12]. Disgust
toward a specific food is generally a collective dimension and is tightly linked to the culture
of a population. Moreover, it is interesting to note that foods deemed disgusting or good to
eat differ worldwide. Furthermore, disgust is not a static feeling, since what is convenient to
eat can change over time, and people can change their food preferences through information
exchange and experiences [12]. The possibility of commercializing insects in the European
food market was introduced with European Regulation n. 2238/2015, which identifies
them as “novel food”, meaning “any food that was not used for human consumption to
a significant degree within the Union before 15 May 1997” [13,14]. It also includes foods
with a “history of safe food used in a third country, meaning that the safety of the food in
question has been confirmed with compositional data and from experience of continued
use for at least 25 years in the customary diet of a significant number of people in at least
one third country”. Northern European countries such as Belgium, Denmark, and the
United Kingdom have started to open up toward this market.
Regarding the willingness to eat insects, some recent researches have investigated
some characteristics of the consumers that are related to entomophagy [15], while other
authors published an instrument capable of measuring the association between the charac-
teristics of the consumers and the consumption of insects [16]. From different studies, an
association to certain factors, either individual or contextual, seems to emerge: age, gender,
country of origin, available information about entomophagy, attendance of courses in food
sciences, the methods of production of insect-based foods, disgust feeling, and previous
experiences [10,17]. Among the studies focused on public opinion regarding the possibility
of eating insects, some have specifically targeted university students. It is relevant to note
that there is a greater willingness to try alternative foods in young adults familiar with
foreign cultures and with a high level of education [15,18].
In general, literacy and level of education have been globally recognized as important
determinants of health [19], and they seem to represent positive influencing factors of
consumers’ attitudes toward an insect-based meal [10]. Linked to these aspects, a greater
level of health literacy (HL), a factor that, to date, has never been investigated or related to
the consumption of insects, could have a role in increasing this tendency. The concept of
HL was first introduced in the United States in the 1970s by Professor Scott K. Simonds
(1974) [20], and it was defined in 1988 by the World Health Organization (WHO) to
the Health Promotion Glossary as “the cognitive and social skills which determine the
motivation and ability of individuals to gain access to, understand, and use information
in ways which promote and maintain good health” [21]. Data from the European survey
on HL show that almost 50% of adults in eight European countries (Austria, Bulgaria,
Germany, Greece, Ireland, The Netherlands, Poland, and Spain) have inadequate levels of
HL [22]. This leads to less healthy decisions, risky behaviors, worse health conditions, more
hospital admissions, and higher costs for the health system. In the Italian context, some
comforting data have shown a high mean HL score in the population, with inadequate
levels of HL in a relatively small proportion of the population [23]. Several authors have
discussed the relationship between the specific form of HL, food resilience behavior, and
attitudes [24–27] adopted by individuals; nevertheless, how and if HL could influence
entomophagy willingness is still unexplored.
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Based on some evidence that suggests a relationship between consumers’ attitudes
toward eating insects and education [10] and considering that HL could be regarded as
an outcome of health education [28], our hypothesis is that a relationship exists between
HL and entomophagy. This hypothesis is also supported by many studies related to the
determinants of food-decision making process and food well-being. In particular, the
latter considers the approach to food decision-making process from a holistic point of
view. In this sense, food availability, food policy, food socialization, food literacy, and
food marketing are described as drivers of food well-being, as well as outcomes of the
decisions that people make in sustaining a positive relationship with food [28]. In this
perspective, health and food literacy can be viewed as the ability to use available nutritional,
technological and environmental information to drive food choices of expert consumers,
favoring those that are positive for both individuals and societies [11,29]. Moreover,
psychological motivation and ability to change could drive the introduction of insects
into a diet, as well as a more general food well-being [11,30], helping to overcome disgust
feeling on neophobia; motivation is also included into the definition of health literacy of
Sørensen et al. [31]: “health literacy is linked to literacy and entails people’s knowledge,
motivation and competences to access, understand, appraise, and apply health information
in order to make judgments and take decisions in everyday life concerning healthcare,
disease prevention and health promotion to maintain or improve quality of life during the
life course”.
Therefore, the aim of this study is to investigate several potential predictors of the
attitude toward eating insects in a group of students from the University of Florence, with
a specific focus on the potential role of their health literacy levels.
In particular, the novelty of the present research is to assess the role of health literacy
as a potential influent factor of entomophagy.
2. Materials and Methods
A cross-sectional study was conducted on a convenience sample of students of the
University of Florence (Italy) who were attending a master’s degree program in food
sciences (n = 108) or in engineering and computer science (n = 150). The choice was made
to include young individuals with different degrees of knowledge in the field of food and
nutrition, since the literature provides evidence that this kind of knowledge influences
familiarity with entomophagy [6,10,32–34]. Participants were selected among university
students, which was consistent with previous research [18,33]. A total of 258 students
participated in the research. Students were recruited from October 2018 to April 2019 in
their classrooms or in the immediate proximity during lesson breaks. Data were collected
using an ad hoc, self-administered, paper-and-pencil, two-section questionnaire, which
was developed by the research team after selecting items that were found in the literature
to be relevant for insect consumption [35–46]. A multidisciplinary research team of three
experts (a medical doctor and expert in public health, a researcher in public health, and
a food safety and prevention officer) developed the questionnaire based on a literature
review; moreover, a small sample of 27 university students was consulted to assess whether
the questionnaire was easily understandable and sufficiently clear. Students’ comments
helped to guide final adjustments of the first draft. The final version of the questionnaire in
the Italian language is shown in the Supplementary file section.
The questionnaire included a general section investigating the socio-demographic char-
acteristics of the sample: gender, age, country of birth [47–49], and eating habits [46,48]; this
last question was used to exclude vegan or vegetarian students. Students involved in the
survey were given some details about the research; however, consistent with Gere et al. [49],
the fact that research dealt with entomophagy was omitted to avoid a high level of self-
selection bias. The students were invited to voluntarily join the study. No informed consent
was required, since data were collected anonymously. The study was conducted in accor-
dance with the Helsinki Declaration. The questionnaires were digitized on site immediately
after they were completed. Incomplete questionnaires and the questionnaires of those who
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declared their adoption of veganism or vegetarianism were excluded from the analysis, as
were students from countries where entomophagy is a part of the culinary tradition, such
as those in Africa, South America, Central and North America, Asia, and Oceania.
2.1. Questionnaire Design and Measures
The first section included four items with dichotomous answers (yes or no) related to
knowledge of entomophagy [48], knowledge of the historical culinary tradition of ento-
mophagy worldwide, and attitude toward the consumption of insects. Moreover, students
were asked whether they had ever eaten insects or products that contained insects, and if so,
what they had eaten [18,37,39], if they would recommend this experience to friends and rel-
atives, if they liked them, and the reasons that could explain this preference [33,49]. In this
section, there were also questions about the supposed advantages (nutritional composition,
environmental impact, good taste, alternative to meat, and ease in finding insect-based
products) [32,37,39,47–50] and the hypothetical disadvantages (cultural acceptance, allergic
reactions, microbiological risks, and chemical risks). Participants were asked to assign a
score to each advantage and disadvantage using a 5-points Likert scale according to the
relevance that they attributed to each item (“many” = 4; “a lot” = 3; “sufficiently” = 2;
“a few” = 1; “a little” = 0). The level of disgust derived from the consumption of insects
was assessed with a specific question (“Zero to four, how disgusting do you find eating
insects?”) using a 5-point Likert scale (“very disgusting” = 4; “disgusting = 3”; “slightly
disgusting” = 2; “not very disgusting” = 1; “not disgusting at all” = 0).
Finally, the sample was asked to identify where they had heard about entomophagy [47],
why they would consider the idea of starting to eat insects [33], the modalities (whole
insects or flour) that they would prefer for consuming insects [37,39], and who, in their
opinion, is responsible for the safety of insect-based products for human consumption.
Those aspects were investigated using multiple-choice questions.
The second section consisted of six items to assess the students’ level of general
HL. The level of HL was assessed through the short-short form of the European Health
Literacy Survey Questionnaire (HLS-EU-Q6) [51]. Specifically, the previously validated
Italian version of the HLS-EU-Q6 was used [52,53]. The responses to each item were given
on a 4-point Agreement scale (“very easy” = 4; “fairly easy” = 3; “fairly difficult” = 2;
“very difficult” = 1). Its final score was the mean value, which was taken into consideration
only in cases in which the interviewees had answered at least five of the six items, and it
varied between 1 and 4. The final score was used to classify HL into three levels: inadequate
(score 1-2), problematic (2-3), and adequate (3-4) (the Italian version of the HLS-EU-Q6 is
shown in the Supplementary file section).
2.2. Statistical Analyses
The collected data were entered into an ad hoc database. The percentage, median, and
interquartile range (IQR) were calculated. In addition, for the two sections of questions
related to the advantages and disadvantages of eating insects, the median was calculated for
each subject as an overall summary trend index. The items that related to past experience
(“Have you ever eaten insects or insect-based products?”) and that referred to disgust
(“Zero to four, how disgusting do you find eating insects?”) were chosen, which was
consistent with the scientific literature [10,33], as the most important predictors of the
propensity to eat insects. The item related to disgust, previously expressed as a Likert scale
score ranging from 0 to 4, was transformed into a binary variable, grouping answers 0,
1, 2, and 3 in order to stress the most “extreme” position (the maximum level of disgust).
Normality was assessed using the Kolmogorov–Smirnov test. In order to assess the
predictors of the two outcome variables (answers “yes” to the question “have you ever
eaten insects or insect-based products?” and “4” to the item related to “disgust”), both
univariate and multivariate analyses were performed. In particular, a univariate analysis
was performed, including an evaluation of association using the Chi2 test or Fisher’s exact
test for normally distributed variables and the Mann–Whitney U test for non-normally
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distributed continuous data. Variables that were found to be significantly associated were
included in a backward stepwise procedure to perform two multiple linear regression
analysis, one for each outcome variable. In particular, multiple logistic regression analysis
was then performed with the item “Have you ever eaten insects or insect-based products?”
as the outcome (dependent) variable, while the independent variables were the variables
significantly associated in the univariate analysis, namely, “disgust”, the score on the HLS-
EU-Q16, gender, age, and the medians of items related to advantages and disadvantages
related to the consumption of insects. The approach was repeated using the “disgust” item
as the outcome (dependent) variable, while the independent variables were gender, “heard
about entomophagy”, “knowledge about historical culinary tradition of entomophagy”,
the median of the items related to the advantages related to consumption of insects, and
the median of the items related to the disadvantages related to consumption of insects. The
Odds Ratio (OR) was used as a measure of association. For all of the analyses, a p-value of
0.05 was considered significant. The statistical analysis was performed using IBM SPSS
Statistics for Windows, V.25.0 (IBM), and RStudio 1.2.5033.
3. Results
No student refused to complete the questionnaire. The final number of completed
questionnaires was 248 after excluding 10 subjects because of incomplete answers or
because they were vegans or vegetarians. No student was born in a country where
entomophagy is a traditional habit. The sample was composed of students aged between
18 and 38 years old (median 23.0, IQR: 3.0); 132 (53.2%) were males, and the vast majority
were Italians (96.8%). Only eight came from other countries (3.2%) (Albania, Kyrgyzstan,
Romania, Morocco, Ukraine, and Gabon). Questionnaire answers and the univariate
analysis between each item and the items chosen as predictors are shown in Table 1.
Most of the students (233, 94.0%) knew that eating insects is a common practice
in many countries, although several had never heard about entomophagy (54, 21.4%).
When considering the advantages that could come from the consumption of insects and
insect-based products, the students judged the positive environmental impact as the most
important one (median: 3.0; IQR: 2.0), which was followed by their nutritional composition
(median: 2.0; IQR: 1.0). On the other hand, cultural acceptance (median: 3.0; IQR: 3.0) and
microbiological hazards (median: 2.0, IQR: 1.0) were considered to be the most important
disadvantages that could result from eating insects or insect-based products. For each
subject, the median value of the responses to each of the two sections related to the
advantages and disadvantages of eating insects, respectively, was calculated as an overall
summary trend index. Both trend indexes showed a strong association with the answers
related to the level of disgust: a higher median score of disadvantages was associated
with a higher level of disgust (p < 0.01), and a higher median score of advantages showed
an inverse relationship with the level of disgust (p < 0.01), while only the median of
the disadvantages showed a positive association with the item “having eaten insects”
(p < 0.05). Most of the participants had never tried insects or insect-based products (230,
92.7%). Among the subjects who had tried insects, some had eaten insect-based products
such as biscuits, pancakes with cricket flour, ants, bugs, bagels, grasshoppers (both as a
single food or inside a liqueur or with dark chocolate), scorpions, fried insects, and fried
cockroaches. Moreover, when asked to specify the reasons why they might eat insects,
most of them answered “for necessity” (96, 38.7%), while a similar proportion stated that
they would do it to “try different flavors” (89; 35.9%). The results obtained from the
question “how disgusting do you find eating insects?” highlighted that a group of students
(79, 31.9%) was highly disgusted (score = 4) by the idea of eating insect-based products.
Females presented a higher level of disgust (p < 0.01) in accordance with observations made
by other authors [10]. One-third of the subjects was “inclined to follow suggestions take
the advice of others trying insect-based products” (81, 32.7%), and this item was positively
associated with both “having eaten insects” and a lower level of disgust (p < 0.01). The
main reasons were related to tasting new flavors and foods or alternative foods.
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According to the HLS-EU-Q6, 49 students had inadequate HL (19.8%), 147 students
had problematic HL (59.2%), and 32 students presented sufficient HL (12.9%), while it was
impossible to calculate the HL of 20 students (8.1%) due to missing responses. Students
who had tried insects or insect-based products showed statistically significant higher levels
of HL (p < 0.01). Two multiple logistic regression models were fitted using the item “Have
you ever eaten insects or insect-based products?” (model 1) and the dichotomized item
“disgust” (model 2) as dependent variables, respectively. Odds Ratios (ORs) are shown
in Table 2. In model 1, a high level of disgust (answer “strong dislike”) showed a strong
inverse association with the answer “yes, I have eaten insects or insect-based products”
(OR 0.1, 95% CI 0.01–0.50, p < 0.01). In contrast, a high level of HL showed a positive
association with the answer “yes, I have eaten insects or insect-based products” (OR 3.66,
95% CI 1.24–11.44, p > 0.01). In model 2, “having heard about entomophagy” and “having
a previous knowledge about historical culinary tradition of entomophagy” had a strong
inverse association with a higher level of “disgust” (OR 0.44, 95% CI 0.21–0.92, p = 0.03 and
OR 0.25, 95% CI 0.07–0.92, p = 0.03, respectively); similarly, a higher median total score
for the “advantages” items was inversely associated with a higher level of “disgust” (OR
0.57. 95% CI 0.41–0.78, p > 0.01). On the other hand, being female and having a higher
median total score for the “disadvantages” items were positively associated with a higher
level of disgust (OR 3.26, 95% CI 1.75–6.27, p < 0.01 and OR 1.45, 95% CI 1.02–2.10, p = 0.04,
respectively) (Table 2).
In model 1, a high level of disgust (answer “strong dislike”) showed a strong inverse
association with the answer “yes, I have eaten insects or insect-based products” (OR 0.1,
95% CI 0.01–0.50, p < 0.01). In contrast, a high level of HL showed a positive association
with the answer “yes, I have eaten insects or insect-based products” (OR 3.66, 95% CI
1.24–11.44, p > 0.01). In model 2, “having heard about entomophagy” and “having a
previous knowledge about historical culinary tradition of entomophagy” had a strong
inverse association with a higher level of “disgust” (OR 0.44, 95% CI 0.21–0.92, p = 0.03
and OR 0.25, 95% CI 0.07–0.92, p = 0.03, respectively); similarly, a higher median total
score for the “advantages” items was inversely associated with a higher level of “disgust”
(OR 0.57. 95% CI 0.41–0.78, p > 0.01). On the other hand, being female and having a
higher median total score for the “disadvantages” items was positively associated with a
higher level of disgust (OR 3.26, 95% CI 1.75–6.27, p < 0.01 and OR 1.45, 95% CI 1.02–2.10,
p = 0.04, respectively).
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Table 1. Questionnaire answer frequencies and univariate analysis between each item and the chosen predictors.
Sample Characteristics Answers or Sub-Items N (%) or Median(IQR) Have Eaten Insects p *
Showed Maximum Disgust
(“Strong Dislike”) p *
Age 23.0 (3.00) 23.0 (2.0) >0.05 23.0 (2.0) >0.05
Sex




F 116 (46.8%) 10 (8.6%) 48 (41.4%)
Questionnaire Items Answers or sub-items N (%) or median(IQR) Have eaten insects p * Showed maximum disgust p **
A. “Have you ever heard of entomophagy?”




No 54 (21.8%) 2 (3.7%) 26 (48.1%)
B. “Where have you heard of entomophagy?”
Gastronomic events 22 (8.9%) 5 (22.7%) <0.01 7 (31.8%) >0.05
University 57 (23.0%) 9 (15.8%) <0.01 15 (26.4%) >0.05
Mass Media 148 (59.7%) 7 (4.7%) <0.01 39 (26.3%) <0.01
Other 19 (7.7%) 4 (21.1%) >0.05 5 (26.3%) >0.05
C. “Do you know that there is an historical culinary
tradition of entomophagy worldwide?”




No 15 (6.0%) 0 10 (66.7%)
D. “What advantages could come from the
consumption of insects?” (Likert scale 0-4 for
each sub-item)
Nutritional compositions 2.0 (1.0) 3 (1.0) >0.05 2.0 (1.0) <0.01
Environmental impact 3.0 (2.0) 3 (0.0) >0.05 2.0 (2.0) <0.01
Alternative to meat 2.0 (2.0) 2.5 (2.8) >0.05 1.0 (1.0) <0.01
Flavor 1.0 (2.0) 1.0 (1.7) >0.05 0 (1.0) <0.01
Easy to find 3.0 (2.0) 3.0 (1.7) >0.05 3.0 (1.0) <0.05
Median of the advantages 2.0 (1.0) 3.0 (1.0) >0.05 2.0 (1.0) <0.01
E. What disadvantages could come from the
consumption of insects?” 0-4 for each sub-item)
Cultural acceptance 3.0 (3.0) 2.5 (2.0) >0.05 3.0 (3.0) >0.05
Allergic reactions 2.0 (2.0) 2.0 (1.0) <0.05 2.0 (1.0) <0.01
Microbiological hazards 2.0 (1.0) 2.0 (1.5) >0.05 3.0 (1.0) <0.01
Chemical hazards 2.0 (1.0–3.0) 2.0 (1.0) >0.05 2.0 (2.0) <0.01
Median of the
disadvantages 2.0 (1.5–3.0) 2.0 (0.5) <0.05 2.5 (1.0) <0.01
F. “Have you ever eaten insects or
insect-based products”?
Yes 18 (7.3%) - - 1 (5.6%) <0.01
No 230 (92.7%) - 78 (33.9%)
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G. “Why might you start eating on insects?”
Necessity 96 (38.7%) 7 (7.3%) <0.01 32 (33.3%) <0.01
Local tradition/habits 23 (9.3%) 3 (13.0%) <0.01 2 (8.7%) <0.01
Try different flavors 89 (35.9%) 12 (13.5%) <0.01 5 (5.6%) <0.01
Nutritional characteristics 50 (20.2%) 6 (12.0%) <0.01 3 (6.0%) <0.01
Other reasons 7 (2.8%) 1 (14.3%) >0.05 0 <0.01
I would never try 54 (21.8%) 0 <0.01 42 (77.8%) <0.01
H. “Zero to four, how disgusting do you find
eating insects?”




High (4) 79 (31.9%) 1 (1.3%) -
I. “How do you prefer to eat insects?”




Powdered insects 110 (44.4%) 10 (9.1%) 25 (22.7%)
Both ways 41 (16.5%) 4 (9.8%) 0
In no way 72 (29.0%) 2 (2.8%) 52 (72.2%)
L. “Would you recommend others to try insects or
insect-based products?”




No 167 (67.3%) 5 (3.0%) 74 (44.3%)
M. “In your opinion, which supervisory body should
be responsible for controlling the production of insects
for human consumption?”
Same authority assigned
as supervisor for human
consumption foodstuffs




association 9 (3.6%) 0 2 (22.2%)
International officers 19 (7.7%) 2 (10.5%) 4 (21.1%)
I don’t know 51 (20.6%) 7 (13.7%) 18 (35.3%)
N. HLS-EU-Q6 **




Problematic 147 (59.2%) 14 (9.5%) 46 (31.3%)
Sufficient 32 (12.9%) 4 (12.5%) 11 (34.4%)
NA 20 (8.1%) 0 6 (30.0%)
* p-values were calculated using the Chi2 test or Fisher’s exact test when n < 5-for categorical variables and the Mann–Whitney U test for non-normally distributed continuous data (α = 0.05 and CI 95%). ** HL
levels according to the HLS-EU-Q6 which is composed by following items: On a scale from very easy to very difficult, how easy would you say it is to (very easy, fairly easy, fairly difficult, very difficult, don’t
know): 1—understand information in the media on how to get healthier?; 2—judge if the information on health risks in the media is reliable?; 3—judge which everyday behavior is related to your health?;
4—understand advice on health from family members or friends?; 5—use information the doctor gives you to make decisions about your illness?; 6—judge when you may need to get a second opinion from
another doctor? The bold suggest that between those variables there is a significant association.
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Table 2. Multivariate logistic regression models. Dependent variables: “Have you ever eaten insects or insect-based products?” answer (model 1) and “Zero to four, how disgusting
do you find eating insects?” answer (model 2). With the latter, grouped answers (0–3 vs. 4) have been chosen to fit the model. The bold suggest that between those variables there is a
significant association.
Variables Estimate Std. Error OR 95% Confidence Intervals p
Model 1. Dependent variable: “Have you ever eaten insects or insect-based products?” (“yes” vs. “no”)
Age −0.05 0.11 0.95 0.75–1.12 0.67
Sex-F 0.57 0.51 1.77 0.64–5.03 0.27
Disgust–“strong dislike” −2.34 1.05 0.10 0.01–0.50 <0.01
Health Literacy–HLS-EU-Q6 (total) 1.30 0.56 3.66 1.24–11.44 <0.01
Model 2. Dependent variable: “How disgusting do you find eating insects?” (“strong dislike” vs. “slightly dislike or not dislike at all”)
Sex-F 1.18 0.32 3.26 1.75–6.27 <0.01
Heard about entomophagy −0.82 0.37 0.44 0.21–0.92 0.03
Knowledge about historical culinary tradition of entomophagy −1.38 0.62 0.25 0.07–0.83 0.03
Advantages related to consumption of insects (median) −0.56 0.16 0.57 0.41–0.78 <0.01
Disadvantages related to consumption of insects (median) 0.37 0.18 1.45 1.02–2.10 0.04
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4. Discussion
Insects and insect-based products represent a potential optimal human food source,
since they have positive nutritional and physiological characteristics. Several authors
have explored the advantages and disadvantages that are connected to insect consump-
tion [4,5,32,33,37,39,47,49,50], and disgust toward insects seems to be among the main
barriers of their consumption in Western countries [18,32,35,39]. Disgust is conceptualized
as an adaptive reaction: it is characterized by a collective dimension, and it is important for
the protection of human health; nevertheless, it can be modified by information and life
experiences [12,54].
In our study, we investigated several aspects related to eating insects and disgust
toward this kind of food through a cross-sectional study involving a sample of 248 students
of the University of Florence.
Additionally, we attempted to fill the gap in the literature that explores the role played
by HL as a determinant of consumers’ attitudes toward insect-based products. Recently, in
the Italian context, some studies have focused on the willingness to consume insects and
the influencing factors of entomophagy [10,15,18,32,33]; furthermore, to previous research
efforts, our results may be used to advance innovations that increase the willingness
to attempt.
The university students included in our sample (N = 248) seem to have received some
information about insect consumption. In fact, 94% had information about traditional food
practices of eating insects in many countries, and 78.2% of the sample confirmed that they
had heard about entomophagy.
Students involved in the study identified some of the main positive (advantages) as
well as negative (disadvantages) factors associated with the consumption of insects. Ad-
vantages identified as most relevant were nutritional composition, environmental impact,
and ease of identification; the main disadvantages were allergic reactions, microbiological
risks, chemical risk, and cultural acceptance. Regarding real experiences in trying new
kinds of food, most subjects in our sample had never tried insects or insect-based products
(92.7% of the total sample). Additionally, a large part of the group (31.9%) declared being
very disgusted by the idea of eating insects: among the 248 students, those who could
image starting to eat insects would do it mainly if it was necessary (38.7%); additionally,
21.8% referred they would not eat insects at all.
The role of knowledge in influencing the willingness to attempt entomophagy is dis-
cussed in the literature, and Mancini et al. [10] recently highlighted the role of educational
seminars and information provision about entomophagy. Specific information seems to
contribute to empowering consumers’ attitudes toward eating insects and lowering food
rejection [10]; the same authors also showed other influencing factors of intention in their
framework. Despite the knowledge possessed by the majority of young students of the
sample and their relative familiarity with entomophagy, many of them were disgusted by
insects as food.
Some authors have regarded disgust in relation to entomophagy as an individual
difference (i.e., disgust sensitivity or food disgust sensitivity) and as a descriptor of specific
food (disgusting vs. tasty) [32,37]. These results are consistent with this study, as the
students in Florence who described insects as disgusting were less likely to have reported
eating them.
In the exhaustive framework conceptualized by Mancini et al. [10], the role of literacy
in the field of health remains unexplored. In our perspective, in addition to other factors,
HL could influence the willingness to eat insects or insect-based products. Individuals’
HL is reached when they become able to understand and use health information, and
this contributes to the community’s proficiency in managing and defending their own
and other people’s health [55,56]. Furthermore, in the field of food health, the evidence
suggests that the adoption of the correct behavior and attitude is related to high levels of
an individual’s literacy in this field [24,25,27]. Overall, the majority of our sample, despite
being university students, showed problematic or inadequate levels of HL (59.2% showed
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a problematic level of HL, while 19.8% had an inadequate level of HL), and only 12.9% of
the group had adequate HL. Interestingly, these results differ from some previous data
obtained involving an adult population-based sample, which showed that 11.5%, 24.6%,
and 63.9% of the sample had a high likelihood of limited HL, a possibility of limited HL,
and adequate HL, respectively [23]. An inadequate level of HL suggests that individuals
did not develop critical components that are useful for proficiently selecting and analyzing
information and its quality. It is also possible to hypothesize that the environment in which
our participants lived did not provide enough information about entomophagy, or access
to insect-based products.
Disgust is closely connected to information possessed by individuals, as the literature
has suggested [10]. Our results partially confirm the literature’s conceptualization, and, in
particular, our analysis shows the significant role of disgust in predicting the propensity to
eat insects or insect-based products. Mancini et al. [10] focused on the strong relationship
between information and disgust, highlighting the role of educational seminars and infor-
mation provision about entomophagy in empowering consumers’ attitudes toward eating
insects and lowering food rejection. Additionally, the results obtained by the authors show
that providing specific information (technological, social, and cultural contexts) could
change the magnitude of disgust. The conceptualization provided by the literature is
focused on disgust as one of the main factors influencing the willingness to eat insects.
5. Limits and Conclusions
Further studies are necessary to confirm the role of HL in influencing the propensity
to eat insects or insect-based product, as suggested by our results. In particular, primary
studies involving larger samples of individuals are needed. Therefore, along with the
strengths highlighted above, one of the weaknesses of the present study could derive
from the survey sample, which was limited and mainly based on convenience, because,
at the time, the university student population was more easily available for consultation.
Extending the research to a larger sample that is, representative of the general population
and involves more cities or regions, thereby producing more reliable results, would more
precisely determine the role of HL in the acceptance of new forms of nutrition, even at the
expense of initial disgust.
The present paper represents the first attempt to investigate the described research
question. In the future, the hypothesis presented here could be verified by stronger evi-
dence. If our results are confirmed through a primary study involving a general population
sample, it may be reasonable to plan educational programs that address students and
focus on competences, with the aim of critically providing information regarding health
and entomophagy. These kinds of educational programs have been proven to be effec-
tive in improving the capacity to find, analyze, interpret, and select information based
on the scientific evidence [53]. Additionally, the capacity to process information could
determine awareness regarding the possibility of inserting insects into a daily diet and
considering them to be a safe and healthy food source of energy. In the end, it could favor
the affirmation of entomophagy as a common practice for individuals involved in the
intervention.
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